Summary. This Introduction.
Introduction.
The progressive alteration of the ruminant forestomach that allows herbage cellulose to be digested results in major changes in the absorbed metabolites. Little glucose is directly derived from dietary carbohydrate since it is converted into volatile fatty acids as a result of microbial fermentation in the rumen. The major site of glucose supply is the liver. Much dietary protein is degraded in the rumen. Thus, the amino acids supplied by the digestive tract are derived from microbial protein. The processes of digestion and absorption last longer in ruminants than in non-ruminants. These animal characteristics correlate with the fact that the secretion and degradation of insulin are probably lower in ruminants than in non-ruminants (Trenkle, 1971 ; Brockman and Bergman, 1975) . However, in ruminants as in non-ruminants, blood insulin varies in direct relation to feeding. Vagal reflex, intestinal hormones and absorbed metabolites (short-chain fatty acids, glucose, amino acids) seem to be involved in the regulation of insulin secretion in ruminants (Bassett, 1975 ; Trenkle, 1978) .
Taking these observations into account, the aim of the present work was to clarify the nutritional control of insulin metabolism in growing sheep fed a control or an experimental diet low in crude protein and high in free propionic acid used as a feed additive. We investigated daily variations in blood insulin and the disappearance of insulin from the circulation. These data were used to calculate the distribution volume in the body, metabolic clearance rate and the secretion rate of the hormone. Part of this work was previously reported in an abstract (Grizard and Szczygiel, 1980 (Jarrige, Journet and V6rit6, 1978) . However, at any BW of the control animals, gain and feed efficiency were acceptable. Daily protein intake was significantly lower in the experimental than in the control group ( -35 % and - (Horino et al., 1968) and, the injected hormone was identical to the native hormone in other respects since the former was unlabelled. The injection of strong doses of insulin has the disadvantage of causing peripheral blood insulin to rise well above physiological levels. These high levels of insulin had three effects. First, they reduced endogenous insulin secretion (Dunbar et a/., 1976 ; Schatz and Pfeiffer, 1977) and therefore the rate of the disappearance of insulin from the circulation was overestimated. Secondly, the high levels reduced hepatic insulin extraction (Tranberg and Dencker, 1978 ;  Harding, Bloom and Field, 1975 ; Mondon et al., 1975 ; Sonksen et al., 1973 ; Tiran, Avruch and Albisser, 1979 ; Honey and Price, 1979 ; Misbin, Mérimée and Lowenstein, 1976) and thirdly, they resulted in a decrease in blood glucose that is known to increase the metabolic clearance rate of insulin and the secretion of hyperglycaemic hormones (Brockman and Bergman, 1975 During each sampling day (except at 3 p.m.), the mean immunoreactive plasma insulin level was significantly lower (0.005 < P < 0.010) in the experimental than in thj control group ( fig. 1a and b) . Surprisingly, the plasma insulin level just before insulin injection was the same in both groups (table 4) . This discrepancy was due to variations in the time of injection and to daily variations in plasma insulin. At 23-kg BW, daily gain, blood glucose and essential blood free amino acids were lower in experimental animals than in controls. In contrast at 33-kg BW, they were similar in both groups (table 3) .
Disappearance of injected insulin from the circulation. --In the 1-hour period after injection, the insulin level decreased from approximately 60 times its basal level to about 8 times its basal level ( fig. 2) . The disappearance rate was about two times faster for the first part of the disappearance curve (up to 7 min after injection) than for the second part of the curve (15-60 min after injection). Two hours after injection, insulin concentration neared basal level (5.3 ± 0.7 ng/ml ; ± SE).
In both groups, plasma insulin along the disappearance curve was significantly higher at 33-kg BW than at 23-kg BW ( fig. 2 ). This correlated with significant increases in the amount of injected insulin ( Dencker, 1978 ; Sonksen et al., 1973 ; Wirth et al., 1980 ; Palumbo et al., 1972 ; Sherwin et al., 1974 Roth, 1978) . The metabolic clearance rate of insulin (4-13 ml/min/kg of BW) was slightly lower than that observed in non-ruminants (Tranberg and Dencker, 1978 ; Sonksen et al., 1973 ; Katz and Rubenstein, 1973) . The difference was undoubtedly greater than noted because the metabolic clearance rate of insulin has been underestimated in most cited publications due to the fact that it was measured using a labelled hormone (Genuth, 1972) . The low metabolic clearance rate of insulin in sheep, compared to other species, could result from lower liver insulin clearance (Brockman and Bergman, 1975) .
Plasma insulin level showed a peak 2 h after feeding and an increase 7 h after feeding. A similar trend of changes in plasma insulin with time after feeding has been noted in ruminants (Trenkle, 1978 ; Chase, Wangness and Martin, 1977) . If we assume that the metabolic clearance rate was unchanged (Trenkle, 19711 , insulin secretion increased after feeding. This could not be attributed to increases in 0 cell stimuli by glucose and amino acids. Indeed, the blood levels of these metabolites did not change with the time of day since the processes of digestion and absorption in ruminants are prolonged. Alternatively, unmeasured (3 cell stimuli such as volatile fatty acids, intestinal hormones and neurological stimulation could be involved in the postprandial regulation of insulin secretion (Bassett, 1975) .
Effect of age or liveweight. &horbar; The increase in immunoreactive plasma insulin with BW is similar to the increased blood insulin level observed in cattle during the finishing period (lrvin and Trenkle, 1971 ; Trenkle and Topel, 1978) and in growing sheep (John and Bergen, 1976 (Freeman, Karoly and Adelman, 1973 ; Kelly et al., 1974 ; Olefsky and Reaven, 1975 ; Runyan et al., 1979 (Bassett, 1975 ; Trenkle, 1978 ; Davis, 1972 ; Oldham, Hart and Bines, 1978) . Alternatively, insulin response to 0 cell stimuli could have been decreased (Atinmo et al., 1978 ; Turner and Bryant, 1976 Bergen, 1976) and non-ruminants (Edozien et al., 1978 ; Kabadi, Eisenstein and Strack, 1976) , could also be caused by the energy restriction accompanying nitrogen restriction because the former is known to lower plasma insulin level (Grizard et al., 1979 (Wirth et al., 1980) . It also contrasts with the constant rate of hepatic removal of insulin by the liver in fasted rats (Misbin, Mérimée and Lowenstein, 1976) or in rats fed low-protein diets (Sacks et al., 1977 ). 
